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EXCITATION SYSTEM FOR SYNCHRONOUS 
MACHINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a synchronous machine 
regulator for controlling terminal Voltages of a synchronous 
machine. 

In an excitation system for a synchronous machine, a thy 
ristor rectifier excites a field winding of the synchronous 
machine to control terminal Voltages of the synchronous 
machine, as disclosed, for example, in JP-A-2003-250297. 
Power is supplied to the thyristor rectifier from an excitation 
transformer connected to output terminals of the synchronous 
machine. The thyristor rectifier is constituted of a plurality of 
three-phase full-wave rectification thyristor bridges con 
nected in parallel. The number of thyristor bridges is gener 
ally about one to ten, although the number depends upon a 
field current value of the synchronous machine. 
A synchronous machine regulator receives output Voltages 

and output currents of the synchronous machine via a poten 
tial transformer and a current transformer. The signal levels of 
the output Voltages and currents are converted into values 
Suitable for inputs to the regulator by signal conversion units 
or the like, to be input to a regulation calculation means for 
excitation regulation. For example, the regulation calculation 
means is classified into three types depending upon calcula 
tion periods. First is high speed signal detection calculation 
by which output Voltages and output currents of the synchro 
nous machine converted by the signal conversion units or the 
like are sampled to detect signals of synchronous machine 
voltages, an active power, a reactive power and the like at a 
predetermined high speed calculation period (e.g., about 1.0 
to 2.0 ms). Second is high speed control calculation and the 
like by which by using the results of the high speed signal 
detection calculation, control calculation Such as control for 
output Voltages of the synchronous machine is conducted at a 
predetermined high speed calculation period (e.g., about 5.0 
to 20.0 ms) to output the calculation results to a gate drive 
circuit for controlling the thyristorrectifier. Third is low speed 
control calculation (at a calculation period of about 50.0 to 
100.0 ms) and the like for controlling gatepulse outputs to the 
thyristor rectifier. Namely, the gate drive circuit receives con 
trol on/off commands output on the basis of the low speed 
calculation results, and thereafter outputs signals of the cal 
culation results of the high speed control calculation by 
amplifying the signals to become signals suitable for the 
thyristor gates, to thereby adjust a synchronous machine field 
current and control output Voltages of the Synchronous 
machine. 

Athyristor rectifier is constituted of a plurality of thyristor 
bridges connected in parallel. Current distribution among 
these bridges is adjusted by inductance of each thyristor AC 
bus, and for fine adjustment, a cut core is inserted into the bus. 
As described above, synchronous machine regulation cal 

culation is classified into three types depending upon a dif 
ference between calculation periods. When a load of a central 
processing unit (CPU) is taken into consideration, two control 
circuit boards are required at minimum, Such as a control 
circuit board mounting one CPU for high speed signal detec 
tion calculation and high speed control calculation and a 
control circuitboard mounting one CPU for low speed control 
calculation. If dual systems are incorporated for redundancy 
to improve reliability, four control circuit boards are neces 
sary, resulting in corresponding cost-up. 

Further, current distribution among thyristors is adjusted 
by inductance of each thyristor AC bus, and for fine adjust 
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2 
ment, a cut core is inserted into the bus. In order to insert a cut 
core, it is necessary to disassemble the bus and then assemble 
it again. Therefore, a work cost rises and a cost for the cut core 
increases. From these reasons, it is difficult to provide an 
inexpensive synchronous machine regulator and a compact 
synchronous machine regulator because of an increase in the 
number of mount components. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to simplify an adjust 
ment work for current distribution among thyristors. 

It is another object of the present invention to make com 
pact a synchronous machine regulator by reducing the num 
ber of mount components. 

In order to achieve the above objects of the present inven 
tion, a synchronous machine regulator comprises: a circuit 
board mounting a gate drive circuit for Supplying a gate pulse 
to each of thyristors constituting a plurality of thyristor 
bridges connected in parallel and Supplying excitation current 
to a field winding; and phase control means for controlling a 
phase angle of each gate pulse to be supplied to each thyristor. 
The phase control means may be mounted on the circuitboard 
mounting the gate drive circuit. 

With this configuration, current to each thyristor of the 
thyristor rectifiers connected in parallel can be adjusted 
finely, by adjusting the phase angle of the gate pulse to be 
supplied to each thyristor of a plurality of thyristor rectifiers 
connected in parallel. Accordingly, since the current load on 
each thyristor can be adjusted finely, an adjustment work of 
thyristor current load can be simplified, and an arrangement 
for thyristor current load adjustment can be made compact. 

In order to achieve the objects of the present invention, a 
synchronous machine regulator comprises: signal detection 
calculation means for Sampling output Voltages and currents 
of a synchronous machine and calculating status quantities 
regarding excitation regulation for the synchronous machine 
at a first calculation period; high speed control calculation 
means for calculating control commands for controlling the 
status quantities of the synchronous machine to become tar 
get values, at a second calculation period longer than the first 
calculation period, in accordance with the status quantities 
calculated by the signal detection calculation means; a gate 
drive circuit for Supplying a gate pulse to each of thyristors 
constituting a plurality of thyristor bridges connected in par 
allel and Supplying excitation current to a field winding of the 
synchronous machine; low speed calculation means for con 
trolling outputs, to the gate drive circuit, of the control com 
mands calculated by the high speed control calculation 
means, at a third calculation period longer than the second 
calculation period, in accordance with an externally input 
system control command regarding the synchronous 
machine; a control circuit board mounting one CPU for 
executing operations of the signal detection calculation 
means, the high speed control calculation means and the low 
speed control calculation means; and a circuit board mount 
ing the gate drive circuit. 

It is therefore possible to execute signal detection calcula 
tion, high speed control calculation and low speed control 
calculation by one CPU on one control circuit board. Accord 
ingly, a single control circuit board can conduct operations 
regarding synchronous machine regulation calculations, and 
a compact and inexpensive synchronous machine regulator 
can be realized. 

According to the present invention, an adjustment work of 
current load on each thyristor can be simplified and the Syn 
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chronous machine regulator can be made compact by reduc 
ing the number of mount components. 

Other objects, features and advantages of the invention will 
become apparent from the following description of the 
embodiments of the invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing the overall configuration of an 
excitation system for a synchronous machine adopting a syn 
chronous machine regulator according to an embodiment of 
the present invention. 

FIG. 2 is a diagram showing the detailed structure of a 
thyristor rectifier of the embodiment shown in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the invention will now be described 
with reference to the accompanying drawings. FIG. 1 is a 
diagram showing the overall configuration of an excitation 
system for a synchronous machine adopting a synchronous 
machine regulator according to an embodiment of the present 
invention. As shown in FIG. 1, outputs of a synchronous 
machine 1 is raised by a main transformer 5 and Supplied to 
system transmission lines via a generator circuit breaker 6. A 
field winding 2 of the Synchronous machine 1 is excited by an 
excitation current supplied from a thyristor rectifier 4. The 
thyristor rectifier 4 is constituted of a plurality of three-phase 
full-wave rectification thyristor bridges connected in parallel. 
The number of thyristor bridges is generally about one to ten, 
although the number depends upon a field current value of the 
synchronous machine 1. Power is supplied to the thyristor 
rectifier 4 from an excitation transformer 3 connected to 
output terminals of the synchronous machine 1. 
A synchronous machine regulator 7 is constituted of a dual 

synchronous machine regulator having two control circuit 
boards 31A and 31B for executing the same control calcula 
tion. Namely, the synchronous machine regulator 7 inputs 
output Voltages of the synchronous machine lowered by 
potential transformers 8A and 8B to two control circuit 
boards 31A and 31B. Each of the control circuit boards 31A 
and 31B compares the input signals to control Synchronous 
machine Voltages. Output Voltages of the potential transform 
ers 8A and 8B are generally about AC 100 V to AC 120 V and 
input to analog input units in the control circuit boards 31A 
and 31B. However, an input range of the analog signal unit is 
generally about AC 10 V so that the output signals from the 
potential transformers 8A and 8B cannot be input directly to 
the control circuit boards 31A and 31B. In this embodiment, 
therefore, the control circuit boards 31A and 31B have resis 
tors for converting a voltage level to allow outputs of the 
potential transformers 8A and 8B to be input directly to the 
control circuit boards 31A and 31B, without involvement of 
conventional signal conversion units. Similarly, output cur 
rents of the synchronous machine 1 are allowed to be directly 
input from two current transformers 9A and 9B to the control 
circuit boards 31A and 31B. Status quantity signals of the 
synchronous machine input from the analog input units are 
A/D converted into digital signals. A CPU mounted on the 
control circuit boards 31A and 31B conducts control calcu 
lations and the like to be described later. System control 
commands 10A and 10B such as plant operation commands 
are input to the control circuit board 31A and 31B. 

Control commands such as thyristor firing angles, which 
are calculation results by the control circuit boards 31A and 
31B, are output to a gate drive circuit board 32. The gate drive 
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4 
circuit board 32 is mounted with a gate drive circuit 33 and 
phase control Switches 34 which are a phase control means for 
gate pulses. The phase control Switches 34 are provided in 
correspondence with the plurality of thyristor bridges con 
nected in parallel and constituting the thyristor rectifier 4. 
Although thyristors of only one phase are shown in FIG. 1, as 
described earlier the thyristor rectifier 4 is preferably consti 
tuted of a plurality of thyristor rectifiers 41 connected in 
parallel and constituting bridges of three-phase full-wave 
rectification as shown in FIG. 2. 

Control calculations to be executed by the control circuit 
boards 31A and 31B are classified in this embodiment into 
three types depending upon calculation periods. First is high 
speed signal detection calculation by which output Voltages 
and currents of the synchronous machine derived from the 
analog input units are sampled to detect status quantity sig 
nals of synchronous machine Voltages, an active power, a 
reactive power and the like at a predetermined high speed 
calculation period (e.g., about 1.0 to 2.0 ms). Second is high 
speed control calculation and the like by which by using the 
results of the high speed signal detection calculation, control 
calculation Such as Synchronous machine Voltage control 
(AVR) and system stability control (PSS) is conducted at a 
predetermined high speed calculation period (e.g., about 5.0 
to 20.0 ms) to output the calculation results to the gate drive 
circuit 33 for controlling the thyristor rectifier 4. Third is low 
speed control calculation (at a calculation period of about 
50.0 to 100.0 ms) and the like which are conducted asynchro 
nously with the high speed control calculation and generate 
through logical calculation control on/off commands for out 
putting thyristor firing angle commands as control commands 
by the high speed control calculation, to the gate drive circuit 
33. Namely, the gate drive circuit 33 receives the control 
on/off commands output on the basis of the low speed calcu 
lation results, and thereafter outputs the firing angle com 
mands of the calculation results by the high speed control 
calculation by amplifying the firing angle commands to 
become gate pulses Suitable for the thyristor gates, to the 
thyristor rectifier 4, to thereby adjust a synchronous machine 
field current and control output Voltages of the Synchronous 
machine. 

As described above, the control circuit boards 31A and 
31B of the present embodiment are characterized in that one 
CPU executes the high speed signal detection calculation, 
high speed control calculation and low speed control calcu 
lation. The calculation periods of these calculations are 
required to be, as described above, about 1.0 ms for the high 
speed signal detection calculation, about 5.0 ms for the high 
speed control calculation, and about 50.0 ms to 100 ms for the 
low speed control calculation. Accordingly, if these calcula 
tions are executed by one CPU, there is a danger of an over 
load of CPU and the system may become uncontrollable. In 
order to avoid this, the present embodiment provides the 
following devices. 

(1) A common memory for use with each calculation is 
provided in the control circuit boards 31A and 31B to thereby 
shorten an access time to the common memory for each of the 
high speed signal detection calculation, high speed control 
calculation and low speed control calculation and shorten an 
operation time of each calculation by CPU. 

(2) Control functions heretofore regarded necessary for 
synchronous machine Voltage regulation are revised and sim 
plified. A load of the high speed control calculation is mini 
mized by calculating only necessary and minimum functions. 
The present embodiment is characterized in that through 

optimization of the calculation processes, even if the three 
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types of the above-described calculations are processed by 
one CPU, a danger of an overload of CPU and an uncontrol 
lable system can be avoided. 

Next, description will be made on the gate drive circuit 
board 32 which is another feature of the present invention. 
The thyristor rectifier 4 of the present embodiment is consti 
tuted of three-phase full-wave rectification thyristor bridges 
connected in parallel. Inductance of each AC bus is adjusted 
so as to evenly distribute current to each thyristor bridge. The 
gate drive circuit 32 is provided with the phase control 
switches 34 capable of manual fine adjustment of the phase of 
each gate pulse for firing the thyristor. The phase control 
switch 34 can adjust at each thyristor bridge the phase of each 
gate pulse output from the gate drive circuit 33. For example, 
if a rated current of the thyristor rectifier 4 is 3,000 A and the 
number of thyristor bridges connected in parallel is three, it is 
adjusted that current of 1,000A is evenly distributed to each 
thyristor bridge. If it is necessary to finely adjust current 
flowing through each thyristor bridge, for example, if current 
over 1,000 A flows through one thyristor bridge, the gate 
pulse for the thyristor bridge is moved toward the lag phase 
direction by using the phase control switch 34. Current flow 
ing through the thyristor bridge is squeezed and adjusted 
toward a reduction direction so that the current balance 
among the thyristor bridges can be maintained. According to 
the present embodiment, even if the number of thyristor 
bridges increases, current flowing through the bridges can be 
finely adjusted by using the phase control switches 34 on the 
gate drive circuit board 32, and adjustment cut cores hereto 
fore regarded necessary are dispensable. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the spirit of the invention and the 
Scope of the appended claims. 
The inventioned claimed is: 
1. A synchronous machine regulator comprising: 
a gate drive circuit board mounted with a gate drive circuit 

for Supplying a gate pulse to each of thyristors consti 
tuting a plurality of thyristor bridges connected in par 
allel and Supplying excitation current to a field winding 
of said synchronous machine, and phase control means 
for controlling the phase angle of the gate pulse to be 
Supplied to each of said thyristors; 

signal detection calculation means for sampling output 
Voltages and currents of a synchronous machine and 
calculating status quantities regarding excitation regula 
tion for said synchronous machine at a first calculation 
period; 

high speed control calculation means for calculating con 
trol commands for controlling the status quantities of 
said synchronous machine to become target values, at a 
second calculation period longer than said first calcula 
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tion period, in accordance with the status quantities cal 
culated by said signal detection calculation means; 

low speed calculation means for calculating asynchro 
nously with said high speed control on/off command for 
controlling outputs, to said gate drive circuit, of said 
control commands calculated by said high speed control 
calculation means, at a third calculation period longer 
than said second calculation period, in accordance with 
an externally input system control command regarding 
said synchronous machine; and 

a control board mounting one CPU for executing opera 
tions of said signal detection calculation means, said 
high speed control calculation means and said low speed 
control calculation means. 

2. A synchronous machine regulator comprising: 
signal detection calculation means for sampling output 

Voltages and currents of a synchronous machine and 
calculating status quantities regarding excitation regula 
tion for said synchronous machine at a first calculation 
period; 

high speed control calculation means for calculating con 
trol commands for controlling the status quantities of 
said synchronous machine to become target values, at a 
second calculation period longer than said first calcula 
tion period, in accordance with the status quantities cal 
culated by said signal detection calculation means; 

a gate drive circuit for Supplying a gate pulse to each of 
thyristors constituting a plurality of thyristor bridges 
connected in parallel and Supplying excitation current to 
a field winding of said synchronous machine; 

low speed calculation means for calculating asynchro 
nously with said high speed control calculation means 
control on/off commands for controlling outputs, to said 
gate drive circuit, of said control commands calculated 
by said high speed control calculation means, at a third 
calculation period longer than said second calculation 
period, in accordance with an externally input system 
control command regarding said synchronous machine; 
and 

a control board mounting one CPU for executing opera 
tions of said signal detection calculation means, said 
high speed control calculation means and said low speed 
control calculation means. 

3. The synchronous machine regulator according to claim 
1, wherein a common memory to be used by said signal 
detection calculation means, said high speed control calcula 
tion means and said low speed control calculation means is 
provided in said control board. 

4. The synchronous machine regulator according to claim 
2, wherein a common memory to be used by said signal 
detection calculation means, said high speed control calcula 
tion means and said low speed control calculation means is 
provided in said control board. 
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